Abstract. Enzymes in culture filtrates of Rhizoctonia solani Kuhn grown using 4-day old or 20-day old bean (Phaseolus vulgaris L.) hypocotyl cell walls as a carbon source degraded xylan, galactan, galaotomannan, araban, polygalacturonic acid, and carboxymethylcellulose. Extraots of lesions from R. solani infected plants, but not healthy plants, contained similar enzymatic activities. These enzyme sources readily solubilized cell wall constituents containing arabinose, galactose, and glucose from 4-day old, but not from 20-day old, bean cell walls. Analysis of cell walls prepared from infected plants revealed that the alterations in cell wall composition in the diseased host were limited largely to the immediate lesion areas and occurred during the early phases of pathogenesis. The cell walls of young susceptible bean seedlings oould be degraded by R. solani enzymes, but the cell walls of older plants which are resistant to this pathogen were not susceptible to enzymatic destruction by the same enzyme preparation.
Mlany fungal pathogens of higher plants are known to produce enzymes capable of degrading the polysaccharides found in higher plant cell walls. Much emphasis has been placed upon the involvement of pectic enzymes and cellulases in plant diseases (6, 15, 24) . Several investigations in recent years have revealed the possible involvement of hemicellulases of pathogen origin such as arabanases, galactanases, and xylanases in the destruction of host cell wallis during pathogenesis (8, 10, 11, 12 14, 16, 21) , but data relating to this problem are mostly indire-ct and quite limited.
The pectic and cellulolytic enzymes associated with pathogenesis in bean (Phaseoluis vulgaris L.) by Rhizoctonia solan2i Kuihn have been described, and their role in pathogenesis elaborated (7) . Young bean seedlings are susceptible to R. solani, but older plants are resistant to this pathogen (5 are susceptible to maceration by the endo-polvgalacturonas,e of this fungus and that older hypocotyls are resistant to the action of this enzyme (4, 5) . Studies with this host-pathogen combination have revealed further a conversion of host pectins to calcium pectate, which renders these substances more resistant to pectic enzymes (5) , and the production of 2 phytoalexins by the host, which are funigistatic to the invading fungus (20) . The cell walls in developing bean hypocotyls undergo drastic changes with respect to their sugar composition during the first 2 to 3 weeks of development (19) . These changes appear to be associated with development of natural resistance to R. solani (5) . The objectives of this investigation were to determine the ability of R. solani to produce enzymes capable of degrading selected cell wall polymers, and to determine the susceptibility of young and old bean hypocotyl cell walls to enzymatic attack bv the enzymes of the pathogen.
Materials and Methods
Production of Diseased 7Tissue. Bean (Phaseolus vlulgaris L. var. Red Kidney) and Rhizoctonia solani Kuhn (isolate RB) were the host-pathogen combination used throughout this investigation. Beans were grown in steamed soil in a greenhouse maintained near 28°. Fungal inoculum was composed of macerated my-celial mats from 1-week old cultures of R. solani grown on 30 ml of potato-dextrose broth at 30°. Bean seedlings were inoculated 5 to 7 days 641 after the seeds were planted by dribbling the inoculum over the hypocotyls at the rate of 2 mycelial mats per ca. 80 seedlings (22) .
The seedlings were inoculated during the period they were h,ighly susceptible to R. solani, and lesion formation progressed rapidly. Hypocotyl tissue for cell wall analysis was harvested at the 3 characteristic stages of lesion formation described by Van Etten et al. (22) Gum (23); Nutritional Biochemical Corporation), and polygalacturonic acid (Sunkist Growers, Incorporated). Reaction mixtures contained 0.5 ml of 1 % substrate in 0.1 AI buffer (sodium acetate buffer, pH 4.5; potassium phosphate bu,ffer, pH 6.5; trisHCl buffer, pH 8.5) and 0.5 mnl enzyme. Enzyme catalyzed cleavage of glycosidic bonds at 300 was followed by measuring increase in reducing groups using the Somogyi method as modified by Nelson (17) . Results (table II) in addition to endo-polygalacturonase, endo-polygalacturonate lvase (trans-eliminase) and cellulase which were observed previously (7) . None of these enzymatic activities was detectable in healthy bean hypocotyls using the experimental procedures employed.
Exposure of 4-day or 20-day old bean cell walls to the enzymes in culture filtrates of R. solani grown on 4-day or 20-day old cell walls as a carbon source revealed that both enzyme sources resulted in a marked decrease in the trifluoroacetic acid hvdrolyzable sugars in 4-day old walls. Furthermore, neither enzyme source appreciably affected -the 20-day old cell walls (with the exception of the removal of approximately 25 % of the xylose). The solubilizationi or removal of sugars from 4-day old walls by both enzyme sources was similar, thus only the data obtained with filtrates from cuiltures grown on 4-day old walls are presented (tables III and IV). There was a loss of 48, 50, and 49 % of the total trifluoroacetic acid hydrolyzable sugar in 4-day old walls as a result of the enzyme treatment at pH 4.5, 6.5, and 8.5, respectively. The average decrease in arabinose, xylose, galactose and glucose content was 66, 48, 83, and 22 %, respectively. There was no significant The results represent mg percent of a given sugar recovered after the treated cell wall samples were washed with 70 % ethaniol and lhydrolyzed for 1 hr with 2 N trifluoroacetic acid at 1210. A decrease in sugar recovery as compared to the control indicates a removal of sugar from the cell walls by the enzyme treatment. (5) . This process is usually complete within 2 to 3 wveeks. During the normal process of tissue maturation, host pectins are converted into calcium pectate (5) and, concomitantly, major changes occur in the neutral sugar composition of the cell walls (19 (9) . The resistance of 20-dav old bean cell walls to enzvmatic degradation is correlated with th,e resistance *of the older walls to degradation by 2 N trifluoroacetic acid (tables IV and V). During pathogenesis by R. solanii, fungal hyphae penetrate the host both inter-and intracellularly (22) . The pathogen's lack of ability to digest and penetrate the plant cell wall would undoubtedly have a significant influence upon the distribution of the pathogen within its host. The resistance of cell walls to R. soladni enz-mes would appear to be a factor in the resistance of older bean plants to this pathogen. for mature cell walls are resistant to enzymatic degradation by the enzymes found in the infected plant. Indeed, en,zymes produced by this pathogen when grown in culture oni isolated cell walls as the sole carbon source show the same ability to degrade 4-day old but not 20-day old cell walls (tables III, IV, V7, and VI). This phenomienon does not appear, however, to account in toto for the very marked and rapid limitation of lesion size on young susceptible hypocotvls. Althouglh there ma-be induced changes in plant cell walls which render then resistant to enzvmatic maceration following in!fection (4) , there is also a rapid induction of phaseollin and a second unidentified phytoalexin in young bean hypocotyls which serve to inhibit growth of the pathogen (20 
